As noted wood flour species plays an important role in the properties of the resulting composites. The effect of wood species as filler and reinforcement agent on physical and mechanical properties of the WPC was investigated. The used wood species in this study were Ceiba pentandra; Triplochiton scleroxylon and Entandrophragma cylindricum at plastic/wood ratio of 1:2.3, 1:1.5 and 1:1 (w/w). The physical and mechanical properties such as water absorption, thickness swelling, linear expansion, density, weight gained, flexural modulus and strength were tested. Entandrophragma cylindricum ranked highly in mechanical properties at plastic/wood ratio of 1:2.3, and more dimensionally stable at plastic/wood ratio of 1:1. As the wood content increases in the formulations of the composite, the increased in the flexural and decreased in dimensional stability of the composites produced. This observation follows the same trend in all the wood species employed for the production of composites tested. Based on the results, the guidelines information from this study could be used as a basis for WPC manufacture in tropical country like Nigeria.
INTRODUCTION
Composites manufacture is a technology that involves binding of materials made from a combination of wood waste of various forms (shaving, flour, flake, and powder), mastic and chemical additives together to produce panel-like products. Composite technology simply based on breaking woody materials down to some smaller element, such as a veneer, particle, flake/strand, or fibre, then reassembling these elements using mastic, such as resin, starch, or natural fibre-fibre hydrogen bonding, into lumber-or panellike bio-composite products (Youngquist, 1995) . Wood composite technologies (plywood, particleboard, flakeboard and hardboard) have for decades been used to create value-added commodity for building and home furnishing products likes ceiling boards, floor and wall tiles.
More recently, new innovative bio-based composite products based on natural fibres, such as agricultural fibres or residues, or on wood-natural fibre hybrids, have also come on the market and now compete directly with traditional wood composites. Other similar new hybrid products, such as wood-or natural fibre-plastic composites, have recently become popular for decking, siding, roofing, fenestration, and millwork. Traditionally, plastic industry presently uses inorganic fillers such as talc, calcium carbonate, mica, and glass or carbon fibers to fill and to modify the performance of thermoplastic. About 2.5 billion kg of fillers are currently used in plastic industry (Caulfield et al., 2005 , La Mantia et al., 2005 and Clemons, 2002 . This provides rigidity and resistance to temperature (Abu-Sharkh et al., 2004 and Mengeloglu et al., 2000) but costly and abrasive to the processing equipment (Mengeloglu and Matuana, 2003) . The interest in using plastic as binder in composite board is attributed to its properties displayed and recently, organic fillers produced from wood or agricultural plants have gained tremendous attention from plastic industry.
The introduction of wood in plastic industries was attributed to the properties displayed like improved strength properties, high dimensional stability, environmental friendly and resistance to insect and fungal attack (Falk et al., 2002) . The advantages of using organic fillers (wood residues) in thermoplastics can be attributed to its low densities, low cost and non-abrasive in nature (Sanadi et al., 1994 , Clemons, 2002 Mengeloglu and Matuana, 2003 , Abu-Sharkh et al., 2004 , Caulfield et al., 2005 . The use of wood flour in plastic products is expected to increase due to the high demand for Wood Plastic Composite (WPC) in the construction industry for decking, siding, roofing, tiles and window frame (Eckert, 2000) . The commonly used wood species for commercial WPC production are pine, maple and oak. As with many wood-based products, regional availability and cost are key factors in species selection (Kim et al., 2008; www.utextension.utk.edu/) . WPCs have been manufactured in the laboratory using a wide variety of species, including osage orange, walnut, yellow poplar, hickory, Utah juniper, salt cedar and emerald ash borer-infested ash (Kim et al., 2008; www.utextension.utk.edu/) . Research indicates that wood species effects on the mechanical properties of WPCs shows hardwood flours with improvement in the tensile properties and heat deflection temperature (the temperature at which a polymer or plastic sample deforms under a specified load) over softwood flour. However, ponderosa pine wood flour provides the best overall mechanical property enhancements compared with other wood species like loblolly pine, maple, and oak (Berger and Stark, 1997) . Zabihzadeh et al. (2009) showed that WPC produced from Poplar wood flours appeared to outperform WPC produced from pine in tensile strength. It has been shown that the properties of WPCs depend on several factors like the physical and mechanical characteristics of the polymer matrix, chemical composition of wood particles, and chemical interactions between the polymer and wood (Mamunya et al., 2006) . However, these factors can have substantial influence on the processing attributes and the mechanical properties of the WPCs (Sheban et al., 2009) . Recent research also indicates that the inclusion of wood species with distinctive properties can positively influence the characteristics of the resulting WPC (Kim et al., 2008) . For example, WPCs made with eastern red cedar and cherry are more resistant to water absorption, swelling and rot than those made with other wood species (Kim et al., 2008) . High volume of wood wastes that can serve as raw material potentials for plastic based composite production are being generated daily in developing countries. As these particles becomes environment menace through daily burning management, thereby endangering the lives and properties of the people, and damaging the ozone layer through rigorously carbon gases emitted during burning. This situation increased tempo to further investigation on utilization of wood waste sourced from Nigeria as raw material for the production of WPCs
The aim of this study is to produce and compare physical and mechanical properties of WPCs produced from three indigenous wood species (Triplochiton scleroxylon, Entandrophragma cylindricum and Ceiba pentandra).
EXPERIMENTAL PROCEDURES

Materials
Three indigenous wood species were felled in FRIN plantation at Onigambari town, Ibadan, Oyo State with geographical coordinate of 7 o 8 1 3 11 N3 o 49 1 22 11 E. These wood species [Ceiba pentandra (Araba); Triplochiton scleroxylon (Obeche) and Entandrophragma cylindricum (Mahogany utile] were transported and milled into sawdust particle at the sawmill section of Forest Products Development and Utilization Department (FRIN). Plastic waste sachet for water packaged locally known as pure water sachets was employed as binder in this experiment. These plastics were collected from dumping sites and thoroughly cleaned, dried and milled into plastic powder using industrial hammer milling machine available at waste recycling factory, Aleshinloye Market, Jericho, Ibadan, Oyo-State, Nigeria.
Materials preparation and Boards production
Fresh sawdust from all the selected wood species and plastic particles was sieved thoroughly with wire sieve mesh of dimensional size of 0.25 mm (250µm) to obtained homogenous sized wood and plastic powder. These particles were dried in the laboratory at temperature of 103±2 0 C for 24 h to attain 2% moisture content. Adequate proportions of wood and plastic powder at plastic/wood ratio of (1:1, 1:1.5 and 1:2.3 ) was thoroughly hand mixed and fed into single screw extruder machine with screw diameter of 63 mm and length of 1090 mm. This machine consist of four compartment zones which the Zone 1 was feeding hopper, coolant chamber as Zone 2, heater as zone 3 and lastly the die as outlets. The mixture was heated and compounded at the temperature ranged of 165 -185 0 C to produced WPC strands. The stranded WPC of each wood species at specific plastic/wood ratios were cooled in water bathed before pelletized into pellets. The pelletized WPCs were oven dried at 65 0 C for 24hrs to remove excess water after production. The pellets were fed into mould plates of dimensional size of 250 mm x 250 mm x 15mm in a Hot-press machine at temperature of 165 -190 0 C within the period of 45 minutes to produced sample boards. WPCs boards produced were cut into dimensional specimen sizes for physical and mechanical properties in accordance to (ASTM D570-98, 2002 and ASTM D790-84a, 2002) .
Physical and Mechanical Properties determination
Specimen size of 76.2 mm x 25.4 mm x 6.4 mm in each WPC produced was measured and subjected into water immersion treatment in cold water for 24 hours at a room temperature of 27±1°C. This test was carried out to examine the behavior of the WPC samples to water exposure. Properties such as weight gain, length and thickness increased of specimen was measured before and after 20 minutes removed from water inorder to dry the excess moisture on the surface. These tests were calculated using these following equations in accordance with (ASTM D 570; 2002) The flexural strength specimens with dimensions of 123.5 mm × 12.7 mm × 6.4 mm (thickness) were subjected into three-point bending tests using a standard Universal Testing Machine (UTM-858 load frame with 10 kN load cell) at a crosshead speed of 2.8 mm/min in accordance with (ASTM D790, 2002) . The bending measurements were also performed at the ambient conditions of 23 ± 2°C and 50 ± 5% RH and replicated five times.
Data analysis
3 x 3 factorial experiments in completely randomized design (CRD) was conducted to investigate the influence of wood species (C. pentandra, T. scleroxylon and E. cylindricum) and plastic/wood mixing ratios (1:2.3, 1:1.5 and 1:1) on the physical and mechanical properties of the composites. Based on the factorial experiment, two-way analysis of variance (ANOVA) was conducted to determine the main and interaction effects. The effectiveness of wood species and binding ratios was compared with Duncan Multiple Ranged Test. Table 1 shows the mean values of physical properties carried out on WPCs produced from three indigenous wood species at three wood/plastic ratio. The physical properties of the composites produced and tested for the period of 24 hrs in water immersion ranged from 0.965 to 4.303 % in WA, 0.015 to 1.672 % in TS, 0.003to 0.478 % in LE, 12.70 to 18.24 g in WG and 0.729 to 1.032 g/cm 3 in density observed respectively.
RESULTS AND DISCUSSIONS
Physical properties of WPCs
WPCs made from different wood species reacted differently to moisture at different plastic/wood ratio. The densities of composites produced from the three wood species are similar at different plastic/wood ratio (Table 1) . This observation is expected since the composites formulation was based on weight and this observation agreed with previous findings of (Fabiyi and McDonald, 2010) . The physical properties varied significantly among the wood species and plastic/wood ratio such that values decreased as plastic content in the formulation increases in composites produced in different wood species. In the results of ANOVA carried out on the physical properties of the WPCs produced in Table 2 , shows that there are significant different among the main factors at (P ≤ 0.05) in WA, TS, WG and density observed. In LE, only the effect of plastic/wood ratio was significantly different at (P≤0.05). Under the two factors interaction all the physical properties except density observed were insignificant at (P≤ 0.05) level of probability.
In separation of mean values on physical properties, DMRT at 5 % level of probability (Table  4) shows that composites produced from E. cylindricum is significantly different to other wood species in WA, WG and density observed and highly dimensionally stable for having least value in WA with high density values observed. Likewise in plastic/wood ratio, 1:1 is significantly different and more dimensionally stable than others ratio of more wood content (1:1.5 and 1:2.3). The physical properties values obtained in this study were relatively low in density to the density of commercial products; denser WPC GeoDeck deck boards with density ranged values of 1.24 to 1.25 g/cm 3 but agreed with lower denser board of density 1.10 g/cm 3 (Klyosov, 2007) .
It was however similar to the density of GeoDeck composite pickets used in railing system and Trex composite used for structural applications of the density ranged 1.03 to 1.24 g/cm 3 (Gehrmann et al., 2004) . It was observed in this study that as the wood content decreases, density also increases; wood content of equal proportion (1:1) in the composite were better encapsulated than more wood content in formulation, thereby leads to better internal bond between the plastic and wood fiber. In previous study by Rowell et al., (1997) that shows wood (Aspen)plastic (polypropylene) composite with increase in the wood fraction to 60%, resulted to increase in WA, TS and LE. Tajvidi and Azad (2008) also reported that the higher the wood fibers content in the composite, the higher the WA, TS and LE values, this is in agreement with the findings in this study. The physical properties values obtained in this study from WPCs produced from wood species were in agreement with previous findings of ( Kim et al., 2008 , Klyosov 2007 and Chen et al., 2006 . The variation observed in the physical properties values of WPC produced from different wood species might have being as a result of density displayed by each of the wood specie. It has been observed that the denser the wood specie the higher the density in this study. This might have led to significant influenced on dimensional stability of the composites, in such that the higher the density observed the lower the porosity. This is in agreement with findings of (Klyosov, 2007 and Gehrmann et al., 2004) . WPC made from high density wood specie (Entandrophragma cylindricum) had lower values of WA, TS and LE after 24 hrs of water immersion test. However in this study, WPC produced from these wood species (Entandrophragma cylindricum and Triplochiton scleroxylon) were dimensionally stable than Ceiba pentandra due to the values obtained in WA and TS after 24 hours of immersion
Mechanical properties of WPCs
The flexural strength values obtained in this study are higher than the values obtained in GeoDeck commercial deck board that ranged in strength from 697 to 717 N/mm 2 but lower in GeoDeck composite pickets used in railing system with density ranged of 1.03 to 1.24 g/cm 3 with flexural-MOE of 1456 to 2560 N/mm 2 and 11.07 to 19.70 N/mm 2 in MOR (Klyosov, 2007) . In this study an increase in wood content leads to increase in flexural strength, this is in agreement with previous findings of (Adhikary, 2008 and Williams, 2003) , that as the wood content increases, flexural strength and modulus of the WPC increased. The observation agreed that increase in wood content from 20 to 60 % (w/w) lead to increase in flexural strength and modulus (Gehrmann et al., 2004) . However, MOR values in this study were within the same range with the flexural-MOR values, but lower in MOE to findings of (Klyosov, 2007 , Madzinski, 2006 Stark and Roland, 2003) . The mechanical properties varied significantly among the wood species and plastic/wood ratios such that values increased as plastic content in the formulation decreases in composites produced from different wood species. In the results of ANOVA (Table 3) , shows that there are significant different in all the factors at (P ≤ 0.05) for flexural modulus and strength.
Flexural strength of WPC made at 40 % wood flour and 40 % hardwood was the same in strength values to plastic/wood ratios of (1:1) in this study (Svoboda and Lang, 2002) . As wood content to plastic content increases, flexural strength increases; this is in agreement with previous findings of ( Aina et al., 2013; Danyadi et al., 2007 , Rodrigo et al., 2001 , Kazayawoko et al., 1997 , Felix and Gatenholm, 1991 . This observation in strength properties of WPC might be as a result of more molten plastic been occupied by the fillers in the matrix; this increase in inter-particle bonding relationship between the wood powder and plastic content in the matrix. The effects of wood species on the strength performances of WPCs was reported that hardwood powder provided an improvement in tensile properties and heat deflection temperature (the temperature at which a polymer or plastic sample deforms under a specified load) over softwood powder (Zabihzadeh et al., 2009 ). The strength properties values obtained for wood species in this study were within the same ranged of values obtained in previous studies of (Stark and Rolands, 2003; Colom et al., 2003; Lee et al., 2001 and Sanschagrin et al., 1988) . It was found that effect of the wood species was notable in material properties of the composites; increase in flexural properties might have being attributed to the characteristic of wood species used. In comparing the strength properties of the WPCs produced stated in Table 4 , plastic/wood ratio (1:2.3) had best strength values among it sets and this followings the same trend in all the wood species used. Entandrophragma cylindricum based WPC out-performed other wood species used when assessed for strength properties. This observation might be similar to the previous report of (Schoch et al., 2004 ) that wood anatomy of wood could be another factor for selection of wood species for WPC production. The intermolecular structure of Entandrophragma cylindricum could have permitted better percolation of molten plastic into the wood cellular network than other wood species used. And this lead to better enhancement in mechanical interlocking bond between the wood and plastic thereby improved the stress concentration and increased the stress transfer within the composites. The result of this actions might have resulted to the high strength properties obtained for Entandrophragma cylindricum based WPC than any of other wood species employed.
CONCLUSION
The influences of indigenous wood species on physical and mechanical properties of the WPCs were successful investigated in this study. This study demonstrated that end use properties of the composites largely depend on the interfacial interaction between the wood flour and the matrix and the wood flour species used. There were significant different on the factors assessed in this study, properties of the WPC were dependant of the wood species and plastic/wood ratios. WPC made from Entandrophragma cylindricum at plastic/wood ratio of 1:2.3 and the best strength properties while at plastic/wood ratio 1:1 had the best dimensional stability potentials. In terms of applications, factors such as wood species at these plastic/wood ratios should be well considered for the WPCs production and this study could as well serves as basis for the WPC manufacturing in Nigeria.
